Early Concepts of Mental Illness and Intervention
Theories of mental illness in the late 19th century emerged from both neurology and psychiatry, which advocated opposing models of pathophysiology and treatment. It was generally agreed that psychoanalysis was not useful for the most severe of mental illnesses, such as schizophrenia, which were thought to be manifestations of pathological processes. By the early 20th century, "intrapsychic conflict," oxygen insufficiency, sluggish metabolism, leukopenia, and focal infection in the brain had all been put forth as explanations for mental illness. 46 The proposed treatments were just as varied. These included sleep therapy, electrotherapy, horse blood infusions into the CSF, hysterectomy, induced hypothermia, and "cerebral stimulation" with sodium cyanide and carbon dioxide. As University of Michigan psychologist Elliot Valenstein would later explain, "in this therapeutic and theoretical vacuum, almost any treatment was tried, providing it had the potential for treating large numbers of patients with a minimum of highly trained staff." 46 Surgical solutions for mental illness arose in the late 1880s, when Swiss psychiatrist Gottlieb Burckhardt performed a series of cortical extirpations in 6 patients presenting primarily with original paranoia and chronic mania. 32 One patient who had received a left temporal topectomy died, and, in part because of criticism garnered from colleagues at the 1889 Berlin Medical Congress, Burckhardt discontinued the practice. In 1910, Estonian neurologist turned neurosurgeon Ludvig Puusepp performed surgeries in which he severed association fibers between the frontal and parietal lobes in manic-depressive patients. 38, 45 Other early surgical approaches intended to alter the frontal lobe included injections of malarial blood via trephined sites as well as reintroduction of the patient's own blood into prefrontal areas. 45 
Origins of Frontal Lobe Theory
By the time these interventions were being developed, the field of investigation of the frontal lobe was already established. The injury of a Vermont railroad worker, Phineas Gage, in 1848 was one of the earliest cases to expose frontal lobe associations with decision making, judgment, and personality. 29 Gage suffered an injury in which a tamping iron 3 cm in diameter passed through his left frontal lobe. A contemporary imaging study by Damasio and colleagues suggests that Gage's injury was more extensive, however, and included the bilateral ventromedial prefrontal cortices. 12 After initially denying that Gage suffered from any deficits as a result of his injury, his treating physician John Harlow later amended his interpretation of the case in a speech before the Massachusetts Medical Society in 1868, concluding that Gage had in fact experienced intellectual impairment and personality changes after the incident. 29 Contemporary analysis corroborates that Gage indeed incurred deficits in rational decision making and emotional processing. 12 The period between 1870 and 1890 marked the "golden age" of cerebral localization. In 1870, Gustav Fritsch and Eduard Hitzig used electrical stimulation to identify the motor cortex, which suggested the possibility of further functional specialization of the cortices. 11, 20 Numerous subsequent studies emerged elucidating cortical relationships with cognitive behavior and sensory and motor function. 4 Other studies examining neurological deficits produced by structural alterations such as injury, tumor, or experimentation followed. In the late 1890s, American surgeon Charles Phelps attributed mental changes to the left, but not right, frontal lobe and prefrontal areas after analyzing hundreds of cases of pistol shot wounds. 37, 47 As detailed by Benton, animal studies by Friedrich Goltz and Jacques Loeb in the early 1900s demonstrated that bilateral frontal lobe removal but not ablations of the prefrontal cortex in dogs resulted in "an alteration in character."
4 According to Benton, Shepherd Ivory Franz contributed a series of works from 1902 to 1912 on unilateral and bilateral prefrontal ablations that demonstrated that animal subjects experienced no loss of function after unilateral extirpations, and Leonardo Bianchi subsequently demonstrated that bilateral prefrontal ablations in dogs and primates led to profound changes in personality but failed to evoke sensory or motor deficits. Meanwhile, early surgical procedures on the frontal lobes were documented from 1930 through 1939 in significant studies by Babcock, 3 Brickner, 6-8 German and Fox, 22 Penfield and Evans, 36 Ackerly, 1 Karnosh, 27 and Jefferson (as detailed by Finger) . 17 Because of the intense interest in this subject, the International Neurological Congress, with honored guest Ivan Pavlov, convened in London in 1935 to discuss epilepsy, physiology, and pathology of CSF and the functions of the frontal lobe.
The 1935 International Neurological Congress Planning Group Meeting
In September 1933, the program committee responsible for planning the 1935 International Neurological Congress convened at the Royal Society of Medicine in London. The last Neurological Congress had taken place in London in 1913, before World War I deferred subsequent meetings. 28 The planning group chaired by New York neurologist Bernard Sachs selected frontal lobe function as a topic for the 1935 conference.
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Second International Neurological Congress
From July 29 to August 2, 1935, attendees assembled at University College London for the Second International Neurological Congress (Fig. 1) . 9 French neurologist Henri Claude presided over the frontal lobe session. 38, 50 Major presentations included work by French neurosurgeon Clovis Vincent, who delivered a paper titled "Modification of function observed after surgical intervention on the frontal lobes," and neurologist Richard Brickner, of the New York Neurological Institute, who presented a case of bilateral frontal lobectomy for meningioma performed by Johns Hopkins neurosurgeon Walter Dandy. Brickner had assumed care of Dandy's patient 1 year after the surgery and was responsible for neurological and psychological examination of this individual. In addition, Yale neurophysiologist John Fulton and his associate, Carlyle Jacobsen, presented "The functions of the frontal lobes: a compara-tive study in monkeys, chimpanzees, and man" at the symposium. 10 At the London Neurological Congress, Fulton and Jacobsen reported on the behavior of 2 chimpanzees, Becky and Lucy, after unilateral frontal lobectomy and subsequent contralateral lobectomy. Becky in particular demonstrated a marked change in personality, absent of temper tantrums and "experimental neuroses" after the second surgery.
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Impact on Moniz and the Impetus for Psychosurgery
Although his expertise lay in cerebral angiographyhe was nominated for the Nobel Prize in 1928 and 1933 for this work-Egas Moniz was captivated by talk of the frontal lobes at the London Neurological Congress. 48 It has been suggested that Moniz questioned Fulton during the discussion period and asked whether the procedure performed on the primates could be extended to treating psychiatric illness in human patients, perhaps as a less destructive leucotomy. 4, 25, 38 Whitaker suggests that while other attendees absorbed the harmful consequences of frontal surgeries, Moniz instead identified an opportunity to exploit such deficits for psychosurgery.
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Shortly after the Neurological Congress, Moniz proceeded with his initial attempts at leucotomy in humans. He assigned the psychopathological centers of mental illness and "psychic activity" to the frontal lobes and used this theory to support prefrontal leucotomy, at first implemented by injecting pure ethanol, beginning in late 1935 into 1936, and then by the use of the leucotome. 25 Moniz's hands were crippled by gout, and he was not a neurosurgeon, so he relied on the assistance of his surgical colleague, Almeida Lima. Moniz rationalized that disrupting the frontal lobe, which "stored [ideas] in the nerve fibers between brain cells," would resolve the problem of "fixed and persistent" patterns of cells responsible for producing psychoses. 2, 26, 33, 48 In his view, the problem was not one of an anatomical alteration or localized to a particular area. It has been suggested that Moniz, buoyed by the acceptable outcomes garnered in his first few operations, used these results to justify not only the procedure itself, but also this particular theory of psychopathology.
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Contemporary analysis has disputed whether the supposed conversation between Moniz and Fulton at the Neurological Congress took place. Historian Jack Pressman has emphasized that Fulton's work provided "confirmation, not inspiration" for Moniz, who "was searching for a neural basis of emotions with a model based largely on the nineteenth century framework of habits," as opposed to the more sophisticated principles used by Fulton and his colleagues. 38 In other words, Moniz may have been searching for a theory to fit his procedure. Discrepancies among accounts generated from the meeting as well as from Moniz himself further complicate our understanding of the conference's impact. Moniz produced his first report on leucotomy in 1936, in which he published the results of his first 20 patients and described the origins of his work; Moniz did not cite Fulton and Jacobsen, but instead referred extensively to Brickner's study, concluding that "even after extirpation of the two frontal lobes, there remains a psychic life which, although deficient, is nevertheless appreciably better than that of the majority of the insane." 33, 49 Multiple authors have further corroborated this notion that Moniz was more interested in Brickner's patient who, after bilateral frontal ablation for olfactory meningioma, developed a flattened affect but remained intellectually intact. 19, 30, 38 The historian El-Hai has explained that, although neurosurgeons had always been concerned with patients' functional outcomes, the advent of psychometric testing in the 1920s and 1930s provided a means of assessing psychological sequelae from neurosurgical procedures. The aforementioned patient discussed by Brickner was one of the first cases subject to such analysis, which would support subsequent utility for psychosurgical applications.
14 For Dandy's part, despite the relevance of his patient to Moniz at the symposium, he seems to have had little to do with lobotomy throughout his career. However, Pressman has cited correspondence between Freeman and Moniz in 1946 in which the former "boasted that even the great neurosurgeon Walter Dandy … performed one," as if to further justify the procedure on the basis of Dandy's stellar reputation. tumor. This case's influence on Moniz has been cited in somewhat cursory fashion, grouping its impact with that of Brickner's patient; 14 however, because of his research group's groundbreaking contributions to the field of cortical localization, Penfield's views on psychosurgery are worthy of consideration. Sedney and Bernstein concluded that "the intentional surgical alteration of personality or the individual psychology of a patient was unacceptable to Penfield, who never pursued this area in spite of his generally aggressive surgical treatments…." 42 The authors further cite a conversation in which Penfield accused Freeman of "doing a dangerous thing" with regard to psychosurgery.
Vincent's presentation on prefrontal surgeries, with particular emphasis on the lack of deficits observed after such a procedure, may have also persuaded Moniz to consider leucotomy after the frontal lobe symposium, although Moniz himself denied such influence. 4, 46 Last, in a conclusion that precludes attribution to other parties, it has been suggested that Moniz mulled the possibility of using surgery to treat psychoses more than 2 years before his initial surgeries. 5 Walter Freeman characterized the impact of the Neurological Congress several years later, explaining that the conference provided a "summing up of knowledge [that] paved the way for … Moniz to carry into practice his ideas (already developed during the preceding two years)." 19 Freeman was careful to suggest that Moniz was already inclined to perform such surgeries and that the conference further validated his work.
The presentation by Fulton and Jacobsen at the 1935 Neurological Congress was reminiscent of a scene that played out at the Seventh International Medical Congress in London in 1881, a seminal event in medicine attended by the likes of Horsley, Lister, Pasteur, Virchow, and Osler. 44 During the physiology section meeting, Englishman David Ferrier and German Friedrich Goltz paraded their experimental subjects, a macaque and a dog, respectively, in front of a crowd-as Jacobsen and Fulton had done with their chimpanzees-to demonstrate their opposing views of localization theory. This display, as expected, fostered argument about the significance of the frontal lobes; Ferrier's view, which endorsed specialized functional areas, would emerge triumphant. This particular event has been cited as a watershed moment leading to the modern era of neurosurgery. In a similar parallel, Pressman concluded that "by all accounts, the specific link between neurosurgery and mental disorders was forged at the Second International Neurological Congress" in London.
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Moniz's Influence on Freeman
The 1935 Neurological Congress had also facilitated the introduction of Moniz to Walter Freeman, the George Washington University neurologist who would introduce psychosurgery in the US. 25 Although their initial encounter was limited to a discussion regarding cerebral angiography, an article by Moniz in the journal Lisboa Medicina prompted Freeman to write Moniz in May 1936 expressing interest in his work with leucotomy.
38 As Pressman explains, Freeman believed that Moniz had finally resolved the pathophysiology of mental illness, not as a localized entity, but as a malfunction in "wiring." Freeman would later describe Moniz's approach to psychosurgery as "the breaking up of constellations of neuron patterns." 19, 44 Regarding their approach to the procedure, he wrote that it accomplished "separation of the frontal lobes from the rest of the brain," which "removed the emotional nucleus of psychosis." 19 Freeman and his colleague, neurosurgeon James Watts, performed the first prefrontal lobotomy (leucotomy) in the US on September 14, 1936. 46 They first followed Moniz's procedure, by which they used an auger to drill 2 holes into the skull over the left and right frontal lobes and then inserted a leucotome into the centrum ovale, but they later altered the procedure to increase the extent of white matter excised. 18, 19 Freeman explained the procedure thus: "the white matter in the lower and upper parts of the frontal lobe is cut by swinging the instrument upward and downward in the plane of the coronal suture."
19 By 1946, Freeman had transitioned to a transorbital approach, at first crudely characterized as an "ice pick lobotomy," given the resemblance of that implement to the instrument involved.
38 Dogliotti, of Italy, had demonstrated "easy" access to the frontal lobes via this approach through the orbital plate by using a trocar in 1933, although he adopted the method for use with pneumoventriculography. 45 Freeman's method was so fast and simple that he claimed that a nonsurgeon required only a half day of training to learn the procedure. 38 This procedure was performed by inserting a metal pick into the corner of each orbital cavity, hammering it through the thin bone in this location with a mallet, and moving it back and forth rapidly, severing the connections to the prefrontal cortex.
In 1947, Freeman and Fulton crossed paths at a meeting on-quite fittingly-the frontal lobes, for the Association for Research in Nervous and Mental Disease, where Fulton harshly criticized Freeman's latest work on transorbital lobotomy. 38 Fulton had lauded the procedure as a "milestone" in the treatment of mental illness soon after Freeman's initial surgery in 1936 14 and, after a period of working on projects related to World War II, directed his attention to the latest developments on the frontal lobes and psychosurgery in 1946. 38 According to Pressman's analysis, Fulton's major grievance with "the lobotomists" was that they lacked a sufficient understanding of frontal lobe neurophysiology, which compromised the validity of their surgical procedures. Freeman persisted, however, and by the mid-1950s had performed more than 2000 lobotomies by his own hand.
Conclusions
Amid much debate and consternation, leucotomy or lobotomy, while imprecise and brutal, had for a time offered a seemingly viable therapy for intractable psychiatric illness when no other treatments were available. The shared history among Moniz, Fulton, and Freeman regarding psychosurgery essentially began at the International Neurological Congress in 1935. Thus, the framing of a body of ideas about frontal lobe theory-cultivated across many institutions and individuals over many years-that occurred at the conference yielded the beginnings of the modern era of psychosurgery practice.
